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Published: 10 June 2015 : Non-human primates offer unique opportunities to study the development of depression rooted in
© behavioral and physiological abnormalities. This study observed adult female rhesus macaques within

social hierarchies and aimed to characterize the physiological and brain abnormalities accompanying
depressive-like behavior. The behaviors of 31 female rhesus macaques from 14 different breeding
groups were video recorded, and the footage was analyzed using the focal animal technique.
There were 13 monkeys who never displayed huddling behavior (non-huddlers). The remaining 18
monkeys were divided into two groups according the mean time spent in the huddle posture. Four
monkeys were designated as high huddlers, whereas the other 14 monkeys were low huddlers. An
inverse relationship was discovered between social rank and depression. High huddlers spent more
time engaging in physical contact and in close proximity to other monkeys, as well as less time
spontaneously and reactively locomoting, than low huddlers and/or non-huddlers. Cortisol levels
measured from the hair were elevated significantly in high huddlers compared with low huddlers
and non-huddlers, and the measured cortisol levels were specifically higher in high huddlers than
subordinate or dominant control monkeys. Regional cerebral blood flow data revealed significant and
widespread decreases in high huddlers compared with non-huddlers.

According to the DSM-V (the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders)
diagnostic criteria, major depressive disorder is characterized by five (or more) of the following symp-
toms: depressed mood, loss of interest, weight change, sleep disturbance, psychomotor agitation or retar-
dation, loss of energy, feelings of worthlessness, difficulty concentrating and recurrent thoughts of death.
These symptoms must persist for at least two weeks and must include depressed mood and/or loss of
interest. Depression can lead to suicide’. In addition to psychological symptoms, depressed patients have
a greater risk of developing cardiovascular disease? and type 2 diabetes®. The World Health Organization
(WHO) currently lists depression as the fourth major cause of disability and estimates that it will become
. the leading cause of disability and the second leading contributor to the global burden of disease by the
. year 2020*. Epidemiological studies have indicated that depression occurs nearly twice as frequently in
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women than in men. This prevalence has been ascribed to several biological factors, including genetic
predisposition, the hormonal changes associated with reproductive function, and hypersensitivity to hor-
monal changes known to precipitate depression®.

To explore the neurobiological basis of depression and to identify more effective treatments, the con-
struction of valid animal models that closely mimic the behavior and physiology of affected humans is
essential®. Various rodent models of depression have been developed because of the ease of use of rodents,
but the rodent brain is phylogenetically distant from the human brain. In contrast, nonhuman primates,
especially macaques, exhibit various similarities to humans, suggesting that a model of depression in
macaques could provide an important improvement on earlier rodent studies. First, social functioning is
known to be closely linked to depression’, and select social behaviors of macaques are similar to those
of humans. For example, macaques have strict social structures, a dependence on social relationships,
an ability to engage in complex cognitive processes and a range of affective expression. In addition, they
exhibit a stress response similar to that of humans®®. Second, the brain structure of macaques is similar
to that of humans!?. Third, the rearing environment of macaques, in contrast to that of humans, can
be tightly controlled and therefore provides an easier platform for collecting quantitative data®®, which
makes it possible to study the environmental factors contributing to depression in macaques.

Despite these advantages, few macaque studies have been conducted on the etiology of depression.
Paul et al. found that maternally deprived rhesus macaques displayed a wide range of behavioral abnor-
malities that could be reversed by chronic antidepressant treatment!!. Pryce et al. constructed a primate
model of depression that exhibited “learned helplessness” by depriving marmoset monkey offspring of
biological parenting daily'?. However, none of these studies reported the development of adult depression
under normal developmental conditions, as they all depended on external perturbations such as mater-
nal deprivation. Adult depression was modeled for the first time by Shively et al. in female cynomolgus
monkeys. This model displayed several behavioral and physiological characteristics similar to those of
human depression'*', and is particularly important because women are more likely to experience clin-
ically significant depression than men®.

In humans, psychosocial factors are strongly correlated with depressive symptoms. Perceived stress,
lack of personal control or social support, and low socioeconomic status exhibit the strongest associ-
ations of all possible factors’>'”. Murphy and colleagues reported based on a survey that there is an
inverse relationship between depression and social status in the human population'®. A plausible expla-
nation for this finding is that people with low social status experience excessive physical and psychosocial
stressors and lack social support and outlets to address the stressors, which contributes to further social
stress and may lead to the development of a variety of diseases'®.

Similarly, macaque societies have an important mechanism of social organization that mimics the
experiences of human beings with low socioeconomic status. In macaques, the dominant position is
attained through acts of aggression and intimidation, such as open-mouth threats. In this scenario,
low-ranking individuals are subject to more attacks by other animals, behave more vigilantly, lack alter-
native strategies to hierarchy competition, and spend more time alone and less time engaging in affiliative
behaviors than their high-ranking counterparts'®. These traits are associated with higher physiological
and psychological stress indices, and the animals become isolated®.

Hypercortisolemia is often reported in severe forms of depression, and considerable data have sup-
ported that it represents a state of depression®'. There are also reports of significantly decreased regional
cerebral blood flow (rCBF) in the prefrontal cortex?>-? and temporal regions?” of depressed patients,
although no single physiological abnormality has been consistently identified to correlate these findings.
Despite the lack of physiological indicators, both high cortisol levels and decreased rCBF are correlates
of depression.

Findings from previous studies suggest that macaques of low social rank are good candidates for
developing depression. The purpose of the present study was to find spontaneous depressive-like behav-
ior in adult female rhesus macaques (Macaca mulatta), to clarify the relationship between social rank
and depression, and to characterize the physiological (cortisol) and brain changes (rCBF) associated with
depressive-like behavior.

Materials and Methods

Subjects. In order to ensure the reliability of obtained data, the monkeys were selected according to
the following three entry criteria. First, they must be females and are reproductively intact because of
our focus on female depression. Second, they should come from breeding colonies, and have lived in
their respective social groups for at least 1 year prior to the initial observation to ensure the stability
of social hierarchy. Third, none of them were pregnant or had given birth in the last year to avoid the
pre-partum or post-partum depression. Therefore, only 31 females met these requirements among the
2,400 monkeys living in the Kunming Primate Research Center of the Chinese Academy of Sciences and
were included in the study.

These 31 monkeys ranged from 6 to 19 years old (9.84 & 3.43 years). They came from 14 different
breeding colonies, each containing 2-4 female monkeys and 1 alpha male. Each colony lived in a con-
nected indoor (2.61 x 2.46 x 2.58 m)-outdoor (2.67 x 2.66 X 2.67 m) cage. Monkeys were provided with
both physical and feeding enrichment. Two trapezes and two dog toys (such as hollow balls) were placed
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in each outdoor cage. In addition, feeding enhancements, such as a foraging apparatus, were presented to
enrich the animals’ environments. All animals were given commercial monkey biscuits twice a day with
tap water ad libitum and were fed fruits and vegetables once daily.

The care and treatment of the monkeys was in strict accordance with the guidelines for the National
Care and Use of Animals approved by the National Animal Research Authority (PR. China) and the
Institutional Animal Care and Use Committee (IACUC) of the Kunming Institute of Zoology (approval
ID SYDW20111230001-1). All possible efforts were made to minimize the monkeys’ suffering. For exam-
ple, hair samples were taken from the back of the monkey’s neck using an electric-razor (no anesthetics
were used). Routine veterinary care was provided by professional keepers and veterinarians. No animals
were sacrificed as a result of this study.

Behavioral data collection and analysis. Behavioral data for all monkeys were collected at the
same time of the year (this period was not the breeding period). The focal animal technique?® was used
to observe one monkey at a time in the cage, and a digital camera fixed on a tripod was set up in front
of the colony to record the animal. Before video recording, the monkeys had seven days to become
familiar with the observers and cameras. To avoid disturbing the animals during recording, the observ-
ers remained as far as possible (at least five meters) from the monkeys’ cage. According to the DSM-V
diagnostic criteria for depression, the depressive symptoms must persist for at least two weeks. Therefore,
14 1-hour recordings were collected for each monkey over a period of no less than two weeks, with half
collected in the morning (9:00-11:00) and the other half in the afternoon (14:00-16:00).

Conflict behaviors, active behaviors and affiliative behaviors were recorded throughout the experi-
ment using the focal animal technique®®. The frequency of conflict behavior was recorded'. The duration
of active behaviors was quantified as seconds per hour and included spontaneous locomotion (defined
as any voluntary movement within the cage, including walking, running, jumping and climbing)* and
reactive locomotion (defined as locomotion caused by environmental stimuli). The duration of affiliative
behaviors, which included sitting together (within another monkey’s arms’ reach or in contact) and alone
(outside of another monkey’s arms’ reach), was also quantified as seconds per hour'.

Social rank determination. Based on the outcomes of her agonistic interactions with other group
members, each monkey was assigned a rank using the David’s score (DS) method that had been described
in detail in previous studies®. Briefly, DS for each member, i, of a group is calculated with the formula:
DS=w + w,~1-1,, where w represents the sum of i’s P;; values (P; represents the proportion of wins by
individual i in her interactions with another individual j), w, represents the summed w values (weighted
by the appropriate P; values) of those individuals with which i interacted, 1 represents the sum of i's P;
values (P;; represents the proportion of wins by individual j in her interactions with another individual
i) and 1, represents the summed | values (weighted by the appropriate P;; values) of those individuals
with which i interacted®.

To standardize DS scores (DS;) across groups, the smallest DS value (usually the largest negative
value) in a group was added to its absolute value to create a zero value, and other DS values in the same
group were then added to that same value. The new DS values were then divided by the largest new DS
value. For each group, this process created DSg values that ranged from 0 to 1, which indicated the lowest
rank (DSg=0) and the highest rank (DSg=1) in each respective group.

To determine the stability of social hierarchy, the H value was calculated with a previously described
equation®: H= [12/(n*~n)] >"_ [da — (n — 1)/2]2, where da=3""_, pa, Pa refers to the proportion
of encounters won by a monkey against another in a pair-wise encounter, and n refers to the number of
individuals in a group. Calculated H values ranged from 0 to 1, indicating the social hierarchy on a
continuum from the least stringent (H=0) to the most stringent (H=1).

Depressive-like behavior. Huddling up was considered representative of behaviors observed in
human major depressive disorder because it has been considered the core posture most reflective of
depressive-like behavior in macaques'**2. It is defined as a fetal-like, self-enclosed posture with the head
at or below the shoulders during the waking state (i.e., when the monkey had open eyes in the present
study), which is accompanied by a relative lack in responsiveness to environmental stimuli that other
monkeys attend to.

Hair sample collection and measurement of cortisol level. Hair samples from all monkeys were
collected between 13:30 hours and 15:00 hours. Before the experiment commenced, the hair on the back
of each animal’s neck was shaved with an electric razor without the use of anesthetic, with particular
attention paid by technicians not to break or damage the skin. After completion of behavioral data col-
lection, newly grown hair was collected as described above. The hair samples were placed into a small
pouch of aluminum foil for protection and stored as previously described®**.

The hair cortisol extraction procedure has been described in detail in previous studies®*. Briefly,
hair samples were washed twice in 5mL of isopropanol (3 minutes each) to remove surface contami-
nants, dried at 35°C for 8hours, and then pulverized using a Retsch ball mill (Retsch M400, Germany)
at 26 Hz for 2.5minutes. Powdered hair (400 mg) was weighed and incubated in 8 mL of methanol at
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room temperature for 24 hours with slow rotation (230rpm) to extract the cortisol. The samples were
then centrifuged at 8,000 x g for 5minutes, and 4mL of the supernatant was pipetted into a centrifuge
tube and dried under a stream of nitrogen gas. The precipitated extract was reconstituted with 0.5mL of
phosphate-buffered solution (pH: 7.32) and stored at —20°C until assayed. The cortisol concentration
was quantified by radioimmunoassays (RIAs) at the Department of Nuclear Medicine of the Second
Affiliated Hospital of Kunming Medical University using a commercially available kit (Cortisol RIA DSL-
2000, U.S.A.). The cortisol extraction and RIA analysis were performed in a double-blind manner. Each
hair sample was tested three times and the mean of the three hair cortisol values was used to reduce
measurement error.

SPECT scanning. Single photon emission computed tomography (SPECT) was used to measure
regional cerebral blood flow (rCBF). SPECT was performed with a dual-head rotating gamma camera
(TOSHIBA GCA-7200A, Japan) equipped with a low-energy, high-resolution collimator.

In preparation for the tomography scan, monkeys were given nothing to eat or drink for 4-6hours
prior to the scan. They were then given potassium perchlorate (KCIO,, 10 mg/kg) to seal oft the choroid
plexuses. After 30 minutes, atropine (0.05mg/kg) was injected intramuscularly to prevent the vagal reflex
and vomiting. Within 5 minutes, the monkeys were then injected intramuscularly with ketamine (5 mg/
kg) and sodium pentobarbital (20 mg/kg). Anesthesia was maintained in accordance with veterinary
recommendations, using the lowest possible concentration of sodium pentobarbital to ensure that the
macaques were lightly anesthetized. The depth of anesthesia was assessed using physiological parameters
(e.g., heart rate and blood pressure, in addition to clinical checks before the scan for muscle relaxation).
Anesthetized monkeys were then transferred to a quiet dimly lit room and injected intravenously with
technetium-99 m ethyl cysteinate dimer (*™Tc-ECD, 2.5 mCi/kg). SPECT scanning was conducted under
a double-blind design, and the order of the scans was randomized for each group. The total scanning
time for each monkey was 25 minutes. Monkeys were maintained with intermittent positive pressure
ventilation to ensure a constant respiration rate during the scan, and the heart rate and blood pressure
were monitored throughout the scan. Protocols for animal care, anesthesia, and SPECT were performed
under the authority of personal and project licenses granted by the National Animal Research Authority
(P.R.China).

Transaxial, coronal, and sagittal slice images were reconstructed by filtered backprojection with a
Butterworth filter for an optimum frequency cutoff at 0.20 Hz*. In total, 20-22 image slices were recon-
structed (thickness of 2.2mm) for each axis. Regions of interest (ROIs) within the frontal, temporal,
parietal, and occipital lobes and the cerebellum were drawn for each slice with reference to the Matsui
and Hirano CT brain atlas*’ by two nuclear medicine physicians.

Data analysis. Data analysis was conducted using the SPSS software package (SPSS Inc., Chicago,
IL, U.S.A.). The normality of the data was determined using the Kolmogorov-Smirnov test. All the data
(Kolmogorov-Smirnov tests: all P-values> 0.05) except huddling behavior (Kolmogorov-Smirnov test:
P <0.00) were normally distributed. The Spearman correlation was used for analyzing the relationship
between social rank and huddle behavior. Behavioral and physiological characteristics of depression were
analyzed by ANOVA. The alpha level was set at P=0.05, and all P-values were generated using two-sided
tests. Tukey’s test was used for post hoc comparisons. All data are presented as the mean & SEM (stand-
ard error of the mean).

Results

Relationship between social rank and depression. Each monkey was assigned a rank quantized
as a given DSg value. The monkeys with a DS value less than 0.50 were considered subordinate (n=15),
and those with a DSg value equal to or greater than 0.50 were classified as dominant (n= 16). The sta-
bility of social hierarchy was measured using the H values, which were all above 0.90 and supported
highly strict hierarchies.

Over the course of the experiment, 80% of the subordinate monkeys (n=12) displayed huddling
behavior, whereas only 37.5% (n = 6) of the dominant monkeys displayed huddling behavior. Thus, social
rank was inversely associated with depression (correlation between DS values and time spent in the
huddle posture: rho= —0.504, P=0.004).

Behavioral characteristics. There were 13 monkeys who never displayed huddling behavior
(non-huddlers; n=13). The remaining 18 monkeys were divided into two groups based on mean time
spent in the huddle posture. Four monkeys spent more time than the mean value in the huddle posture
(mean = 159.32 seconds per hour) and were designated as high huddlers (n =4), whereas the other mon-
keys (n= 14) were low huddlers (Fig. 1). Three of the high huddlers were ranked at the bottom with DS
values equal to zero, and the other high huddler was ranked in the middle with a DS value equal to 0.50.

Behavioral characteristics were compared among high huddlers, low huddlers and non-huddlers.
High huddlers spent more time in physical contact and close proximity to other monkeys (1 x 3 groups
ANOVA F(2, 28)=4.54, P=0.02; post hoc Tukey’s tests: both P < 0.05 ), less time spontaneously loco-
moting (1 x 3 groups ANOVA F(2, 28) = 8.31, P=10.001; post hoc Tukey’s tests: high huddlers versus low
huddlers: P=0.32, high huddlers versus non-huddlers: P=0.004), and less time reactively locomoting
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Figure 1. Huddle behaviors. On the X-axis, monkey individuals are divided into three groups: non-
huddlers (n=13), low huddlers (n= 14) and high huddlers (n=4). The Y-axis displays the mean time spent
in a huddle posture (s/h, seconds per hour). Thirteen monkeys never displayed huddling behavior and

were designated as non-huddlers. The time spent in the huddle posture was used to divide the remaining

18 monkeys into two groups based on the mean value (mean = 159.32). Four monkeys spent more time in
the huddle posture than the mean value and were designated as high huddlers, whereas the other fourteen
monkeys were designated low huddlers.

Age (years) 12,00+ 2.89 9.71+0.67 9314098 | 0.95 (2,28) | 0.40
Body weight (kg) 5.91+053 6.09+0.26 618+£0.23 | 0.13(228) | 0.88
Body mass index |, 3¢, 17 19.53+ 051 21234060 | 2.69 (228) | 0.09
(kg/m?)

Time

spontaneously 4634953 143852327 | 2832244236 | 8.31(228) | 0.001
locomoting (s/h)

lTime reactively 323+ 1.09 46.71+12.90 63.98+11.26 | 3.17 (2,28) | 0.06
ocomoting (s/h)

Time Alone (s/h) | 1988.57+£436.75 | 1782.01+169.90 | 1898.93+107.98 | 0.26 (2,28) | 0.78
Time close

and in phtsical | 1474.39£606.90 | 6510411195 | 588.53£87.69 | 454 (2,28) | 0.02
contact (s/h)

Table 1. Basic data and behavioral characteristics of high huddlers vs. low huddlers and non-huddlers.
Data are presented as the mean + SEM.

(1 x 3 groups ANOVA F(2, 28) = 3.17, P=0.57; post hoc Tukey’s tests: high huddlers versus low huddlers:
P=0.18, high huddlers versus non-huddlers: P=0.05) than low huddlers and non-huddlers (Table 1).

Basic data. The 31 monkeys were measured with regard to age, body weight (BW) and body mass
index (BMI). A statistical analysis indicated a lack of significant differences in age (1 x 3 groups
ANOVA F(2, 28)=0.95, P=0.40; post hoc Tukey’s tests: both P> 0.05), BW (1 x 3 groups ANOVA
F(2,28)=0.13,P=0.88; posthoc Tukeys tests: both P > 0.05) and BMI (1 x 3 groups ANOVA F(2,28) = 2.69,
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Figure 2. Differences in hair cortisol levels. (A) On the X-axis, individuals are divided into high huddlers
(n=4), low huddlers (n=14) and non-huddlers (n=13). The Y-axis refers to hair cortisol levels (ug/dl).
(B) On the X-axis, individuals are divided into high huddlers (n=4) and subordinate control (n=12) and
dominant control monkeys (n= 15). The Y-axis refers to hair cortisol levels (pg/dl). *P < 0.05. Data are
presented as the mean 4= SEM.

Cerebral hemisphere (ROI 21051+ 1324 28213+ 19.73 637(19) | 0.03
counts)

Cerebellum (ROI counts) 215.69+ 11.22 290.75+ 18.19 8.38 (1,9) 0.02
Occipital lobe (ROI counts) 231.78 £13.07 336.72+20.79 12.48 (1,9) 0.01
Temporal lobe (ROI counts) 195.90 £+ 12.53 266.93 +20.79 5.77 (1,9) 0.04
Parietal lobe (ROI counts) 219.45+12.12 271.26 £20.32 3.22 (1,9) 0.11
Frontal lobe (ROI counts) 189.744+20.11 244.97 +20.85 3.02 (1,9) 0.12

Table 2. Regional cerebral blood flow of high huddlers vs. non-huddlers. Data are presented as the
mean + SEM.

P=0.09; post hoc Tukey’s tests: both P> 0.05) between high huddlers and low huddlers or non-huddlers
(Table 1).

Hair cortisol levels. The levels of cortisol measured from the hair were elevated significantly in high
huddlers compared to low huddlers or non-huddlers (Fig. 2A: 1 x 3 groups ANOVA F(2, 28)=8.06,
P=10.002; post hoc Tukey’s tests: both P < 0.05). There was no significant difference in hair cortisol
between subordinates and dominants (1 x 2 groups ANOVA F(1, 29) = 0.03, P=0.88), and no significant
difference was observed between subordinate and dominant control monkeys (1 x 3 groups ANOVA
F(2,28)=10.01, P=0.001; post hoc Tukey’s tests: P=0.27) when the four high-huddlers were excluded.
Nevertheless, the measured cortisol levels were specifically higher in high huddlers than subordinate or
dominant control monkeys (Fig. 2B: 1 x 3 groups ANOVA F(2, 28) =10.01, P=10.001; post hoc Tukey’s
tests: both P < 0.05).

Regional cerebral blood flow (rCBF). The monkeys rCBF was measured with SPECT scans at the
Nuclear Medical Department of the Fourth Affiliated Hospital of Kunming Medical University, and only
a few monkeys were allowed to perform the SPECT scans because of limited medical equipment resource.
Therefore, 11 monkeys were selected to measure the rCBE, including 4 depressed individuals and 7 nor-
mal controls selected randomly from the non-depressed group. The SPECT scans revealed significant
differences in rCBF between high huddlers and non-huddlers (Table 2). A decrease in rCBF was found
in the cerebral hemispheres of high huddlers compared with non-huddlers (F(1, 9)=6.37, P=0.03).
Specifically, the rCBF in high huddlers was significantly decreased in the cerebellum (F(1, 9)=8.38,
P=0.02), occipital lobe (F(1, 9)=12.48, P=0.01), and temporal lobe (F(1, 9)=5.77, P=0.04).
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Discussion

In the present study, we report a spontaneous depressive pattern in adult female rhesus macaques that
shares several behavioral and physiological characteristics with human depression, including low levels
of activity (e.g., spontaneous and reactive locomotion), elevated levels of cortisol, and decreased rCBF in
the major parts of the brain. Our results are similar to those of Shively’s study of cynomolgus macaques':
high huddlers spent more time in physical contact with and close proximity to other monkeys than low
huddlers or non-huddlers. In contrast to Shively, we observed the inverse of the relationship between
social rank and depressive-like behavior under normal conditions, which was also reported in the human
population'®. The levels of cortisol measured from the hair were elevated significantly in high huddlers
compared to low huddlers or non-huddlers, and the measured cortisol were higher in high huddlers
than subordinate or dominant control monkeys of similar social ranking. In addition, brain function was
altered in high huddlers, as characterized by low blood perfusion in major parts of the brain.

Similar to Shively’s study", the high huddlers spent more time in physical contact with and close
proximity to other monkeys than low huddlers or non-huddlers. This may be somewhat different from
human depression because the depressed patients are always socially withdrawn. However, this is advan-
tageous to the depressed monkeys observed in this study. First, depressed monkeys were found to be
relatively inactive and they can get warm by keeping close to other bodies'. Second, depressed monkeys
were less responsive to environmental stimuli, and the vigilance of another monkey close by may make
them respond to stimuli that they overlooked or disregarded'. Thus, physical contact may be purposeful
behavior that the depressed monkeys adopted to ensure survival.

Social defeat can be considered a form of chronic stress in subordinate animals and can provoke
behavioral and neuroendocrine changes correlated with a negative emotional state characteristic of
human depressive symptoms®. It is interesting that there was an inverse relationship between social rank
and depression in the present study, as it has been reported in humans that the prevalence of depression
is significantly and persistently higher in populations with “low” socioeconomic status than at other
levels of socioeconomic status'®.

Previous studies utilized plasma, saliva or urine to measure cortisol levels. These methods were useful
for assaying basal cortisol levels, but the cortisol levels only reflected short-term stress occurring over
hours to days and could not assess chronic stress levels occurring over a period of weeks to months
without repeated sampling of the animals®#. In contrast, cortisol levels measured from hair can reflect
chronic stress, as shown in previous rhesus macaque studies®***>#1. In this study, cortisol levels were
measured from hair grown during the behavioral sampling period and were therefore likely to represent
the mean cortisol production associated with the chronic stress that the animals experienced. To our
knowledge, this is the first study using measurements of cortisol from hair samples to evaluate the func-
tion of the HPA axis in depressed animals. The hair cortisol levels were elevated in high huddlers when
compared to low huddlers or non-huddlers. There was no significant difference in hair cortisol between
subordinates and dominants, similar to our previous findings that cortisol levels were not related to social
rank in groups with highly strict hierarchies®'. When the four high-huddlers were excluded, a significant
difference was also not observed between subordinate and dominant control monkeys. Nevertheless, the
measured cortisol levels were specifically higher in high huddlers than subordinate or dominant control
monkeys of the same social rank. This suggested hypercortisolism was depression specific rather than
influenced by the social rank. However, whether hypercortisolism is a cause or effect of depression is a
matter of dispute.

SPECT has revealed hypoperfusion in the prefrontal cortex?>-* and temporal lobes?” in patients
with depression. This hypoperfusion is positively correlated with depressive symptoms*2. However, to
our knowledge, there have been no reports determining cerebral blood flow in an animal model of
depression. Brain SPECT with perfusion agents was performed in this study on anesthetized monkeys.
Monkeys designated as high huddlers were found to display hypoperfusion in the whole brain. Some
brain areas of high huddlers, including the cerebellum, occipital lobes and temporal areas, were shown
to have a significant decrease in the rCBF compared to the same regions in non-huddlers.

The depressive-like symptoms identified in female rhesus monkeys in this study provide a model to
help identify environmental factors causing depression and to track physiological and brain changes
associated with the development of depression. Nonetheless, the results presented here must be con-
sidered with caution because of the relatively small sample size. Further studies are needed to confirm
the findings and clarify the extent to which depressive-like symptoms exhibited by female monkeys are
reflective of human depression. Whether the abnormalities detailed above reflect the primary patho-
physiological changes that produce depression or are secondary responses to alterations of behavior, or
adaptations to chronic stress, needs to be further elucidated.
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